Background: IgM deficiency is a rare primary immunodeficiency. As few studies of selective IgM deficiency have been reported among the various other types of primary immunodeficiencies, the detailed pathogenesis of this disorder remains to be elucidated.
INTRODUCTION
Selective IgM deficiency has been associated with recurrent infections, and it has also been reported that many patients show increases in levels of other immunoglobulins, such as IgG, IgE and IgA in the presence of IgM deficiency or reduction. 1 In Japan, 8 men and 5 women were registered as having IgM deficiency according to statistical data collected by the Ministry of Health and Welfare in 2000. 2 Goldstein MF et al. 3 reported that the prevalence of selective IgM in adult populations was 0.26% and may be more common than previously thought. This disorder can be classified into 2 types: primary IgM deficiency represented by Wiskott-Aldrich syndrome and Bloom syndrome, 4 in which congenital IgM deficiency is observed, and secondary IgM deficiency accompanied by such autoimmune diseases as SLE, 5 Crohn's disease, 6 multiple myositis, 7 and Hashimoto's disease. 8 Until now, IgM deficiency has been found to be complicated by deficiencies such as IgG2, IgA, or IgG 1, but never by IgG4. The clinical symptoms of IgG4 deficiency include repeated infections, as reported in other IgG subclass deficiencies. 9 As few studies have reported selective IgM deficiency from among the various other types of primary immunodeficiencies, the detailed mechanism of this disorder remains to be clarified. In this study, we report on a patient with selective IgM deficiency in whom various dermal findings, repeated bronchial pneumonia induced by a F i g . 1 A c h e s t r a d i o g r a p h t a k e n o n A p r i l 1 8 , 2 0 0 2 s h o ws a n i n f i l t r a t i v e s h a d o w i n t h e l e f t l o we r l o b e ( u p p e r l e f t ) . A c h e s t r a d i o g r a p h t a k e n o n J u n e 2 2 , 2 0 0 3 s h o ws a n i n f i l t r a t i v e s h a d o w i n t h e r i g h t mi d d l e l o b e ( u p p e r r i g h t ) . A c h e s t r a d i o g r a p h t a k e n o n a d mi s s i o n ( No v e mb e r 2 2 , 2 0 0 3 ) s h o ws a n i n f i l t r a t i v e s h a d o w i n t h e l e f t l o we r l o b e ( l o we r l e f t ) . A c h e s t CT t a k e n o n No v e mb e r 2 5 , 2 0 0 3 s h o ws g r o u n d -g l a s s a t t e n u a t i o n a r o u n d t h e i n f i l t r a t i v e s h a d o w i n t h e r i g h t l o we r l o b e ( S 8 ) ( l o we r r i g h t ) .
fibroepithelial bronchial polyp, and IgG4 deficiency were concurrently observed for several years, and compare this case with cases previously reported in the literature on IgM deficiencies.
CLINICAL SUMMARY
The patient was a 37-year-old woman. She had no bronchial asthma or food allergy. She had a history of allergic sinusitis and systemic pigmentation of the skin which started at the age of 20 years. With regard to her family history, her mother had gastric cancer and allergic rhinitis. She did not smoke habitually and consumed alcohol on occasion. In 1994 at the age of 28 years, the patient was admitted to a local clinic for pneumonia, and after that she frequently caught colds. In 1998, the patient was admitted for pneumonia twice, and admitted again in 2002 ( Fig. 1 upper  left) . These repeated episodes occurred in different lung fields. However, in May and June 2003, pneumonia repeatedly developed in the right middle lung field ( Fig. 1 upper right) and thoracic computed tomography (CT) revealed occlusive changes in the right B6 area. Therefore, in August 2003, the patient was referred to our department for further examinations. Bronchoscopy revealed a polyp in the right B6 orifice, which was suggested to be a fibroepithelial polyp following a biopsy (Fig. 2) , and on August 14, a transbronchial polypectomy was performed.
Thereafter, follow-up was continued on an outpatient clinic basis. In November 2003, fever, cough, and sputum recurred, and the patient consulted our department. A chest X-ray showed infiltration in the right inferior lung field ( Fig. 1 lower left) , which was localized in the right S8 to S9 areas on thoracic CT ( Fig. 1 lower right) , demonstrating that the pneumonia had recurred in a segment different from the previous polyp site. Therefore, on November 21, 2003, the patient was admitted to our department for fur- 
i o n o f t h e t u mo r s h o we d c h a r a c t e r i s t i c s o f a f i b r o e p i t h e l i a l p o l y p ( r i g h t ) .
ther examinations.
The pathological findings of the skin, including erythema, most strongly suggested drug-induced exanthema. Therefore, DLST with sodium valproate was performed along with oral administration of Claritin, but to no effect, indicating another mechanism may have been involved in pigmentation. To treat the dermal findings, the above drugs were discontinued in favor of oral administration of an antihistamine agent and application of a corticosteroid, which relieved the erythema and pruritus, although pigmentation persisted. Concerning the patient's bouts of pneumonia, although there were no recurrent bronchial polyps, the infection occurred in another segment, suggesting the relapse of a series of pneumonias. Treatment with SBT! ABPC at 6 g! day and CLDM at 1.2 g! day was started. In the sputum, Staphylococcus epidermidis was detected, but it was sensitive to SBT! ABPC and CLDM in a drug sensitivity test. Nine days after admission, the patient was negative for inflammatory response with improvement of symptoms. Lastly, in terms of the patient's antibody immunodeficiency disorder, prophylactic oral administration of clarithromycin at 400 mg! day was started, and the now discharged patient is doing well.
PATHOLOGICAL FINDINGS
On admission to our department, her height and body weight was 158 cm and 57 kg, respectively. She had a body temperature of 39.4 , blood pressure of 110! 60 mmHg and regular pulse of 126! min. There was no superficial lymph node swelling. Respiratory sounds were clear in both lungs. There were no other abnormalities or abnormal neurological findings. Dermal findings showed systemic pigmentation along with erythema in both forearms (not shown), the back (Fig. 3 left) and lower legs (Fig. 3 right) . In the forearms, annular erythema was noted, and bleb formation was observed in the lower legs. A skin biopsy suggested necrosis of epidermic cells, liquefaction degeneration related to lymphocytic attacks at the border between the epidermis and the corium, and infiltration of lymphocytes and eosinophils around blood vessels involving the middle layer of the corium. Collectively, the findings suggested druginduced exanthema (Fig. 4) . The peripheral blood leukocyte count was 13,900! μl with 86.4% neutrophils and a C reactive protein level of 3.97 mg! dl (Table  1) . IgM and IgG4 levels were 3.0 mg! dl and less than 2.0 mg! dl, respectively, suggesting IgM! IgG4 deficiency. IgG subclass was measured by ELISA using monoclonal antibodies. The patient was positive for IgE specific against Staphylococcus aureus enterotoxin A! B. Bronchoscopic findings showed no changes from the vocal cords to segmental bronchus. No recurrent polyp was detected in the right B6 orifice. A brush was inserted through the right B8 area, and bronchoalveolar lavage (BAL) was performed. Cytodiagnosis showed a large number of neutrophils and scattered eosinophils. Marked inflammation was noted, although there were no atypical cells (Class II). In the collected bronchoalveolar lavage fluid (BALF) (collection rate: 89! 150 ml), the distribution of macrophages, lymphocytes, neutrophils, and eosinophils was 63.2%, 14.1%, 7.1%, and 14.6%, respectively. In the sputum culture, only α-Staphylococcus (±) and indigenous bacteria were detected. Bone marrow findings, in one particular clot, showed that the normocellular marrow number of megakaryocytes was very small and the number of eosinophils large. A smear showed that the incidence of blasts was 1.8%, and eosinophils were increased to 18%, although no atypical cells were seen. There were also no tumorous changes. With regard to neutrophil function, there were no abnormalities in neutrophil
chemotaxis either. Bactericidal activity was observed in 89.6% of the cells (>70%), and phagocytosis was observed in 44.7% (70 90%). On peripheral flow cytometric analysis (Table 2) , the proportion of CD20 + B cells in peripheral lymphocytes was 3.7%. There were no abnormalities in the number of T cells, NK cells, or monocytes. In B cell subpopulations, the proportions of class switched memory B cells (IgD − CD27 + ) and IgM (IgD + CD27 − ) memory B cells were markedly decreased to 8% and 6%, respectively. Blastogenic response to peripheral blood lymphocyte mitogens (Table 2) showed mildly excessive responses to T cell mitogens, phytohemagglutinin (PHA), and concanavalin A (Con A).
DISCUSSION
Due to its extremely low incidence, the criteria for selective IgM deficiency have not yet been firmly established, although a previous report proposed that patients with an IgM level of 20 mg! dl or less should be regarded as having selective IgM deficiency. 10 Functional disorders of B cells, hyperdynamia of regulatory T cells, and dysfunction of helper T cells may also be involved in the etiology; B cell functional disorders might reflect disorders in differentiation from IgM-positive B cells to IgM-producing cells. 11 In hyperergasia of regulatory T cells, IgM production by B cells is inhibited as IgM-specific regulatory function is enhanced in T cells from patients with IgM deficiency. 12 Lastly, in dysfunctions of helper T cells, IgM + mature B cells fail to differentiate into IgMproducing plasma cells in the presence of antigen stimuli and stimuli by helper T cells. It has been reported that helper T cell dysfunction reduces the level of IgM. 4 In our patient, general T cell functions were normal, although the number of memory B cells was decreased and naive B cells increased.
Several studies have previously reported and classified IgM deficiency. Our patient had no history of autoimmune disease, as demonstrated in secondary IgM deficiency, so primary IgM deficiency was suggested. Our literature search of English and Japanese databases (1974 2004) revealed that only 22 patients with primary selective IgM deficiency, including our Table 3 . Patient age at the time of diagnosis of primary IgM deficiency ranged from 7 to 85 years and the mean ± SD age was 35.86 ± 23.80 years. The mean ± SD serum IgM level was 13.35 ± 10.87 mg! dl, which is lower than the reported data (29.74 ± 8.68) by Goldstein MF et al. 3 This disorder was more frequently observed in men (male to female ratio 17 : 5). Of these, the titers of antibodies other than IgM were increased in 11 patients; levels of IgE, IgD, IgG and IgA were increased in 7, 4, 3, and 2 patients, respectively. The mean ± SD serum IgE level was 1203.25 ± 2200.21 μ! ml in the 7 patients with an increase in IgE levels, and dermal find-ings were observed in 3 patients. An infection developed in 17 of the 22 patients; upper airway! respiratory infections were observed in 11 patients (50.0%), and infections of the urinary system were seen in 5 patients (22.7%). According to Yamasaki et al. 13 and Schopfer et al., 14 patients with selective IgM deficiency frequently showed an increase in IgE levels and developed repeated atopic dermatitis and Staphylococcus aureus-associated pyoderma, all of which were seen in our patient. Disorders in antibody production may lead to repeated chronic infection, inducing an excessive response to bacterial infection and thus increasing the level of IgE since the response of B cells to Staphylococcus aureus Cowan strain I (SAC) is markedly reduced in patients with IgM deficiency. The involvement of disorders in RNA processing in the disease etiology has also been suggested. 4 In our patient, several dermal changes were observed, such as atopic pigmentation, erythema, and blebs. As the patient had specific IgE against Staphylococcus aureus enterotoxin A! B and high levels of serum IgE, hyper IgE syndrome was ruled out. Given that the patient's dermal symptoms developed during adulthood, her pathological changes differed slightly from atopic dermatitis, suggesting drug exanthemalike changes. However, a definitive diagnosis is yet to be made. Interestingly, of the 22 patients with IgM deficiency surveyed in our study (Table 3) , not a single patient concurrently developed IgG4 deficiency like our patient. Repeated respiratory infection as in our case, asthma and food allergy are consistent with typical clinical symptoms of IgG4 deficiency. 9 Since defects in the immunoglobulin heavy chain constant region (IGHC) 15 and partial defects or mutations in the IgGHC4 gene 16 have also been reported in IgG4 deficiency, analysis of the IgGHC4 gene should be investigated in the present patient in the future.
Lastly, the concurrent development of IgM deficiency and a bronchial polyp could not be confirmed in any publication, as seen in Table 3 . The histology in our patient suggested a fibroepithelial polyp, which is a polyp-like benign tumor associated with outgrowth of the interstitial collagen fibers, and is frequently detected in the dermatological, gynecological, and urological fields. 17 It has been reported that fibroepithelial polyps readily occur in repeated inflammation! friction sites, and most patients show a good course after resection. To date, there has been no relapse in our patient. Although the association between a solitary polyp and IgM deficiency is unclear, repeated IgM deficiency-related airway infections should be considered an etiological factor for the inflammatory polyp.
